Abstract Aims/hypothesis: The aim of this study was to determine the pattern of the effect of the 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor atorvastatin on cardiovascular events in patients with type 2 diabetes and no prior history of cardiovascular disease (CVD). Materials and methods: A post hoc analysis of data from the Collaborative Atorvastatin Diabetes Study (CARDS), a randomised, placebo-controlled trial of 2,838 patients with type 2 diabetes, was performed. Patients received atorvastatin (10 mg daily) or placebo and were evaluated for cardiovascular and other outcomes over a median follow-up period of 3.9 years. Cox proportional hazards modelling was carried out, and the hazard ratios calculated for various times after randomisation to treatment were investigated. Results: A reduction in the primary endpoint of major CVD events was apparent and statistically significant as soon as 18 months after treatment initiation. The effect of atorvastatin on CHD events was apparent by 6 months, and at 1 year was similar to the 37% relative risk reduction observed at trial closure. Conclusions/interpretation: Atorvastatin alters the pathogenesis of CVD rapidly, such that the effect on cardiovascular events is apparent within months of initiation of therapy.
Introduction
The Collaborative Atorvastatin Diabetes Study (CARDS) was a randomised, placebo-controlled trial comparing the effects of atorvastatin, 10 mg daily, with those of placebo on major cardiovascular disease (CVD) in patients with type 2 diabetes and no prior CVD history. The main trial data have been published [1] ; atorvastatin treatment was associated with a highly significant 37% reduction in the primary endpoint of major CVD events and with a 48% reduction in the incidence of stroke.
CARDS was terminated almost 2 years earlier than planned because at the second pre-scheduled interim analysis the data-safety-monitoring board found a highly significant benefit with treatment beyond that stipulated in the early stopping rule. Indeed, even at the first scheduled interim analysis the treatment effect was already significant at conventional levels (p=0.03), although it was not suf-ficient to meet the stringent early stopping threshold (p<0.001). This first interim analysis was triggered by the accrual of 25% of the total expected endpoints (76) in show the actual final hazard ratio (i.e. treatment effect) across the study −40% rather than the value of −30% on which the power calculation had been based. Since the study was designed a meta-analysis has reported that a 37% reduction in LDL cholesterol is typically achieved with 10 mg atorvastatin [2] . The median follow-up time in the trial at the time of termination was 3.9 years.
The purpose of this short report is to examine in more detail the treatment effect through time. We conducted a post hoc analysis of the hazard ratio associated with treatment for cardiovascular outcomes through time to assess whether there was a lag before atorvastatin treatment took effect, or whether the effect was present from early after treatment initiation.
Materials and methods
The detailed methods used in CARDS and the baseline characteristics of patients and the main outcomes have been published previously [1] . In brief, 2,838 patients with type 2 diabetes and no previous history of CVD were randomised to receive either placebo or 10 mg atorvastatin daily. To be eligible for randomisation patients had to have, in addition to diabetes, at least one of the following risk factors: (1) a history of hypertension; (2) retinopathy (i.e. any retinopathy, maculopathy or prior photocoagulation); (3) micro-or macroalbuminuria; or (4) current smoker (all such patients were counselled to stop). Patients were ineligible if they had any past history of myocardial infarction, angina, coronary vascular surgery, cerebrovascular accident or severe peripheral vascular disease (defined as warranting surgery). The mean serum concentration of LDL cholesterol during baseline visits prior to randomisation had to be ≤4.14 mmol/ l (160 mg/dl) and that of serum triglycerides had to be ≤6.78 mmol/l (600 mg/dl). Patients were excluded if during the placebo run-in phase they had less than 80% compliance with placebo. After randomisation patients were seen monthly for the first 3 months, at 6 months, and 6-monthly thereafter. Clinical cardiovascular events other than coronary revascularisations, silent myocardial infarctions and deaths were required to be acute and hospital-verified to be eligible as endpoints. An independent Endpoint Committee reviewed all reported cardiovascular events and all deaths and classified them according to criteria specified in the endpoint protocol. In addition to clinical events, annual ECGs were Minnesota-coded for the detection of any Qwave silent myocardial infarctions that had not presented clinically. Of the randomised subjects, 99.3% were fully evaluable for mortality and morbidity at study termination. The mean period of observation for the primary endpoint was 3.77 years (median 4.0) in the atorvastatin group and 3.66 years (median 3.9) in the placebo group.
CARDS was conducted in accordance with the Declaration of Helsinki and the Guidelines on Good Clinical Practice. Each centre involved in the study obtained Local Research Ethics Committee approval following approval from the Multicentre Research Ethics Committee. All patients gave fully informed, written consent.
Statistical methods
The primary endpoint comprised the first of the following; acute CHD event (i.e. myocardial infarction including silent infarction, unstable angina, acute CHD death, resuscitated cardiac arrest), coronary revascularisation procedures, or stroke. All analyses were by intention to treat. The main analysis in the present report is a Cox regression survival analysis comparing the hazard rates for the primary endpoint and its separate components in the two treatment groups and yielding hazard ratios as measures of effect size (treatment effect). The hazard ratios obtained by censoring the data at successively increasing time points are shown. The p values are considered significant at conventional levels (p<0.05) for effects other than those on the primary endpoint, for which p<0.049 was considered significant to allow for interim analysis effects on the type 1 error rate.
Results
As reported previously, at the completion of the trial there was a 37% reduction in the primary endpoint of major CVD events, a 36% reduction in acute coronary events, a 31% reduction in coronary revascularisation events and a 48% reduction in stroke. As shown in Fig. 1 , by 1 year of follow-up the estimate of the treatment effect on the primary endpoint was already at its final value of a 37% reduction and by 18 months the CI did not include unity. For the acute CHD events considered, the point estimate of the treatment effect at 6 months of follow-up was similar to its final value and by 18 months the confidence limits did not include unity. For stroke, the treatment effect estimate was very unstable during the initial stages of the study, in keeping with the small number of events, but the treatment effect estimate at 18 months was at its final value and by 2 years the CI did not include unity. The total mortality rate was about 27% lower in the atorvastatin-treated group than in the placebo group for most of the follow-up period and was of borderline significance at termination.
Discussion
These data demonstrate that the beneficial effects of this low 10-mg dose of atorvastatin on CVD outcomes are already clear in this trial population by 12-18 months. For CHD events it is already apparent at 6 months. These data are consistent with those from studies using other doses of atorvastatin in which the treatment benefits in patients with acute coronary syndromes were apparent within just weeks of initiation of atorvastatin treatment. In the PROVE IT study comparing the effect of atorvastatin, 80 mg daily, with pravastatin, 40 mg daily, in patients with a recent acute coronary event, by 30 days of follow-up the treatment effect estimate was similar to the overall trial estimate of 16% [3] . In the MIRACL study atorvastatin, 80 mg daily, reduced the incidence of recurrent ischaemic events at 16 weeks in patients with acute coronary syndromes [4] . In studies of other statins, such as simvastatin, treatment benefits have also emerged within the early years of the trial; in the Heart Protection Study for example among patients with diabetes, although not present at 1 year, a beneficial treatment effect was apparent at 2 years [5] .
It is important to emphasise that this is a post hoc analysis and that its purpose is not to try to pinpoint a specific time at which the treatment suddenly starts to work. Indeed, it should be noted that as in many CVD endpoint trials, our pre-specified analysis plan was for a Cox proportional hazards analysis to estimate the treatment effect. Inherent in the choice of this model is the assumption, not often appreciated, that the hazards are proportional through time. In other words, this model assumes that the data are consistent with the same cumulative estimate of treatment effect being present throughout the trial, even in its very early stages, and therefore by implication that the treatment is effective immediately after its initiation. We confirmed that this proportionality assumption holds true in CARDS [1] , but the plots presented here of the hazards ratio through time emphasise just how apparent that treatment effect is from an early stage. When designing trials of this nature and considering efficacy, lengthy follow-up could be reduced by increasing the sample size, because the treatment effect is not time-dependent. However, a reasonable time of followup is necessary to allow proper evaluation of safety. Where the treatment effect is neither time-dependent nor has a lag time, the point at which it becomes statistically significant is dependent only on the underlying placebo event rate and the magnitude of the treatment effect. Whilst, like most trials, CARDS was powered at 90%, predicting a much later termination date, in reality there was substantial power to detect significant treatment effects earlier in the follow-up period, which was one of the purposes of specifying early stopping rules.
What is the mechanism underlying the early reduction in risk observed here with atorvastatin? An early treatment effect could be consistent with lipid-lowering alone leading to a reduction in plaque volume or to stabilisation of plaque by, for example, increasing the collagen to cholesterol ratio. In the REVERSAL trial Nissen et al. reported that a beneficial effect of atorvastatin (80 mg daily) compared with pravastatin (40 mg daily) on plaque volume in the coronary vessels was apparent using intravascular ultrasound by 18 months of follow-up [6] . Attention has been drawn recently to the potential importance of the lowering of C-reactive protein and possible inflammation reduction as a mechanism of atorvastatin action [7, 8] . Whether such anti-inflammatory effects proposed for atorvastatin therapy are relevant to this early treatment effect has not yet been assessed in the CARDS data.
In conclusion, this post hoc analysis clearly demonstrates that atorvastatin therapy starts to effect a reduction in CVD from early after treatment initiation. This, and the high event rates for CVD in diabetes, emphasise that clinicians should not delay in assessing the needs of their patients with diabetes for such treatment.
